Background and Purpose-The aim of this study is to estimate the risk of ischemic stroke during a 3-year follow-up period after a tuberculosis diagnosis using a nationwide, population-based study and a retrospective cohort design. Method-The study cohort comprised 2283 patients who had received treatment for tuberculosis, except tuberculosis of the meninges and central nervous system, between 2000 and 2003; 6849 randomly selected subjects comprised the comparison cohort. Cox proportional hazard regressions were performed as a means of comparing the 3-year ischemic stroke-free survival rate between these 2 cohorts. Results-Of the 9132 sampled patients, 392 (4.3%) experienced ischemic stroke during the 3-year follow-up period, including 136 (6.0% of the tuberculosis patients) from the study cohort and 256 (3.7%) from the comparison cohort. After adjusting for patient age, gender, hypertension, diabetes, coronary heart disease, hyperlipidemia, malignancy, monthly income, and the geographical region and urbanization level of the community in which the patient resided, the hazard ratio of ischemic stroke for tuberculosis patients was 1.52-times (95% CI, 1.21-1.91; PϽ0.001) higher than for comparison patients. Conclusion-We conclude that patients with a tuberculosis diagnosis are at an increased risk for ischemic stroke but not hemorrhagic stroke in the next 3 years. Further research is necessary to investigate these findings in tuberculosisendemic areas. (Stroke. 2010;41:244-249.)
T uberculosis is a major world disease that has created a huge and growing worldwide burden. The most recent worldwide estimates show 9.27 million new cases and 1.78 million deaths in 2007. 1 The global epidemiology of tuberculosis is further complicated by the emergence of multidrugresistant tuberculosis and coinfection with human immunodeficiency virus. Although a link between tuberculosis and atherosclerosis is an old concept, 2 stroke rarely corresponds with tuberculosis, except in cases of infection to the central nervous system. 3 A number of sero-epidemiological studies have reported on the association of atherosclerosis/stroke and certain persistent bacterial and viral infections, including Chlamydia pneumoniae, Helicobacter pylori, and Cytomegalovirus. 4 -8 The lines of serological evidence show a linkage between atherosclerosis and antibodies to mycobacterial heat shock protein-65 and implicate autoimmunity in the pathogenesis of atherosclerosis. 7, 9, 10 In recent years, a number of studies have also reported an association between carotid atherosclerosis and chronic infections, including chronic bronchitis, recurrent urinary tract infections, and periodontitis. 7, 11, 12 However, to the best of our knowledge, there has been only 1 study 13 focusing on the association between carotid atherosclerosis and tuberculosis. Giral et al 13 compared the diameter of carotid plaque in hypercholesterolemic patients with a history of tuberculosis to that in hypercholesterolemic patients without a history of tuberculosis. They concluded that past tuberculosis was not associated with increased frequency of atherosclerotic lesions in hypercholesterolemic patients, and they suggested the questionable role of past tuberculosis in the development of atherosclerosis. To date, there has been no specific study that evaluates the risk of stroke after a tuberculosis diagnosis.
The aim of the present study is to estimate the risk for ischemic stroke among tuberculosis patients during a 3-year period after a diagnosis of tuberculosis, as compared to a cohort of nontuberculosis patients during the same period. in 2006. Taiwan initiated its National Health Insurance (NHI) program in March 1995 to provide affordable health care for all the island's residents. There are currently Ͼ25 million enrollees covered by the program, representing Ϸ98% of the island's population. The population in our database is mainly composed of Taiwanese Chinese of Han descent. The LHID contains all the medical claims data for 1 000 000 beneficiaries, who were randomly sampled from the 25.68 million enrollees under the NHI. As reported by the Taiwan National Health Research Institute, there were no statistically significant differences in age, gender, or health care costs between the sample group and all enrollees. 14 The LHID includes all claims data for these 1 000 000 subjects, offering a unique opportunity to examine the risk of stroke among patients with tuberculosis. Because the data set used in this study consisted of de-identified secondary data released to the public for research purposes, this study was exempt from full review by the Institutional Review Board.
Study Sample
This study drew a study cohort and a comparison cohort from the LHID. The study cohort comprised all patients who had visited ambulatory care centers for treatment of tuberculosis, except for tuberculosis of the meninges and central nervous system (ICD-9-CM codes 010, 011, 012, 014, 015, 016, 017, and 018) between January 1, 2000 and December 31, 2003 (nϭ5959) . To ensure diagnostic validity and to avoid the potential for misclassification, we selected only patients who had at least 3 consensus tuberculosis diagnoses for the study group (nϭ2833). 15 We found that all patients who had at least 3 consensus tuberculosis diagnoses received antituberculosis medication such as isoniazid, rifampin, ethambutol, or pyrazinamide for Ͼ6 months after their first tuberculosis diagnosis. We excluded patients younger than 18 years of age (nϭ25) to limit the study sample to an adult population. To avoid the potential confounding factor of chronicity, we also excluded patients who had any tuberculosis diagnosis before 2000 (nϭ430). We also excluded patients who any type of stroke diagnosed (ICD-9-CM codes 430 to 438) before their first tuberculosis diagnosis (nϭ95). However, because the NHI program in Taiwan was initiated in 1995, the data set used in the present study only allowed us to trace medical utilization from 1996 to 2006. Therefore, we could not rule out those patients who had stroke or tuberculosis before 1996. The resulting study cohort included 2283 patients with tuberculosis. The first medical visit when patients received a tuberculosis diagnosis was set as an index ambulatory visit.
Our comparison cohort was extracted from the remaining patients in the LHID. We assigned their first outpatient care visits in 2003 as index ambulatory care visits. We excluded patients who had stroke diagnosed before 2003 and tuberculosis diagnosed between 1996 and 2006. In addition, we excluded patients younger than 18 years of age. We then randomly selected 6849 subjects (3 for every patient in the study cohort) from the registry of beneficiary of the LHID by SAS statistical package (version 8.2; SAS System for Windows; proc survey select methodϭsrs). Ultimately, our study included 9132 patients. Each patient was then individually tracked for 3 years from their index ambulatory visit to identify all who had experienced ischemic stroke (ICD-9-CM codes 433-438).
Statistical Analysis
In this study, we used the SAS statistical package (version 8.2; SAS System for Windows) to perform all statistical analyses. Pearson 2 tests were performed to explore the differences in sociodemographic characteristics (age, sex, urbanization level, geographic region, and monthly income) and to identify comorbid medical disorders (hypertension, diabetes, coronary heart disease, hyperlipidemia, malignancy, and human immunodeficiency virus infection) in the 2 cohorts. Geographic regions and urbanization levels were found to be associated with stroke occurrence and were therefore taken into account. In accordance with the standards published by the Taiwan National Health Research Institute, urbanization level 1 refers to the most urbanized communities and level 5 refers to the least urbanized communities. Afterward, we calculated the 3-year ischemic strokefree survival rate using the Kaplan-Meier method, and we used the log-rank test to examine differences in the risk of ischemic stroke for the 2 cohorts. Because of the increased frequency and opportunities to receive CT/MRI scans, tuberculosis patients are perhaps more likely to have the risk of minor stroke detected. We found during the 3-year follow-up period that the mean number of CT/MRI scans was 0.797 (SD, 1.489) and 0.327 (SD, 0.989) for patients with tuberculosis and patients in the comparison cohort, respectively. Therefore, the number of CT/MRI scans during the follow-up period was adjusted in the regression modeling. Finally, Cox proportional hazard regressions were performed as a means of computing the 3-year survival rate, after adjusting for sociodemographic characteristics, geographic regions, and urbanization level, select comorbid medical disorders of the sampled patients, and clustering effects of geographic region and urbanization level. We tested our data and found it conformed to the proportionality assumption (survival curves for 2 strata [tuberculosis patients and patients in the comparison cohort] have hazard functions that are proportional over time). A level of 0.05 was used to determine the significance of predictors in the models. Table 1 shows the distribution of sociodemographic characteristics and select comorbid medical disorders for patients with tuberculosis and patients in the comparison cohort. There was no significant difference in the prevalence of hypertension and hyperlipidemia between these 2 cohorts. However, patients with tuberculosis were more likely to be male (PϽ0.001), have diabetes (PϽ0.001), malignancy (PϽ0.001), and coronary heart disease (PϽ0.001), and have lower monthly income and reside in less urbanized areas or in Northern Taiwan (PϽ0.001) than patients of the comparison cohort. Table 2 presents the incidence of stroke for the 2 cohorts. Of the 9132 sampled patients, 392 (4.3%) experienced ischemic stroke during the 3-year follow-up period, including 136 (6.0% of the tuberculosis patients) from the study cohort and 256 (3.7%) from the comparison cohort. The log-rank test showed that tuberculosis patients had significantly lower 3-year ischemic stroke-free survival rates than patients in the comparison cohort (PϽ0.001). The Figure exhibits the results of a Kaplan-Meier survival analysis. Table 2 also displays the crude and adjusted hazard ratios (HR) for stroke of these 2 cohorts. The hazard of ischemic stroke during the 3-year follow-up period was 1.63-times (95% CI, 1.32-2.02; PϽ0.001) greater for tuberculosis patients than for patients in the comparison cohort. Similarly, after adjusting for patient age, gender, hypertension, diabetes, coronary heart disease, hyperlipidemia, malignancy, monthly income, geographic region and urbanization level of the community in which the patient resided, clustering effects of zip code, and the number of CT/MRI use during the follow-up period, the HR for ischemic stroke among tuberculosis patients was 1.52 (95% CI, 1.21-1.91; PϽ0.001) compared to patients in the comparison cohort.
Results
We further analyzed and found that 6.3% of tuberculosis patients experienced coronary heart disease during the 3-year follow-up period compared to 5.0% in the comparison group, and the HR for coronary heart disease among tuberculosis patient was 1.21-times (95% CI, 1.08 -1.36; Pϭ0.016) compared to patients in the comparison cohort. However, 0.61% of tuberculosis patients experienced hemorrhagic stroke dur-ing the 3-year follow-up period compared to 0.54% in the comparison group, and there was no significant difference in the hazard of hemorrhagic stroke observed (HR, 0.94; 95% CI, 0.50 -1.79; Pϭ0.685) after adjusting for comorbid medical disorders and sociodemographic characteristics.
Discussion
To the best of our knowledge, this study is the first attempt to investigate the risk of ischemic stroke among tuberculosis patients in the 3 years after a tuberculosis diagnosis, adjusting for patient demographic characteristics and comorbid medical disorders. In age-and gender-matched subjects, our study shows that the likelihood of ischemic stroke was 1.52-times greater among tuberculosis patients during the 3-year follow-up period after adjusting for other stroke risk factors. Our findings support previous studies that found chronic infection can be a stroke risk factor. Rather than focusing on patients with a history of tuberculosis and measuring carotid atherosclerosis as the end point in a case-control setting, like Giral et al, 13 our study sample started with tuberculosis patients, following-up each patient for 3 years. We found that 6.0% of the tuberculosis patients had an ischemic stroke, which is a greater likelihood of ischemic stroke over the 3-year period than that of the general population. Meanwhile, tuberculosis patients also had a greater likelihood of experiencing coronary heart disease compared to the general population. However, there was no increase in the risk of hemorrhagic stroke in the meantime. Our study demonstrates a link between tuberculosis and subsequent ischemic stroke and coronary heart disease, but not hemorrhagic stroke.
The actual mechanisms contributing to the association between tuberculosis and stroke are not fully understood. Infections by Mycobacterium tuberculosis lead to the activation of a persistent inflammatory response that starts a cascade of cytokines and chemokines. 16, 17 Inflammatory response has been established to be of pathogenic relevance in the link between infection and atherosclerosis, and it may relate to endothelial dysfunction inflicted by bacterial endotoxins and the action of cytokines. 18, 19 Increased C-reactive protein, a marker of systemic inflammation accompanying active tuberculosis, may also be associated with atherosclerosis and could lead to cardiovascular events. 20, 21 Another mechanism that links infection with atherosclerosis may be the induction of autoimmunity through antibodies. Studies have shown that serum antibodies to mycobacterial heat shock protein-65 may be involved in a cross-reaction with human heat shock protein related to atherogenesis, and mediation of vascular cytotoxicity of endothelial cells in response to stress or injury, including infections with M tuberculosis. 7, 22, 23 Infections may also cause fever, dehydration, altered coagulation and fibrinolysis balance, and platelet activation, all of which increase the risk of stroke. 24 Moreover, recent respiratory tract infections increase the risk for cardioembolic and large-vessel atherothromboembolic stroke subtypes, and pulmonary tuberculosis may increase the stroke risk mediated by secondary respiratory tract infections. Preventive strategies of acute respiratory tract infection such as an influenza vaccination may contribute to decreased stroke risk in vulnerable tuberculosis patients. 25 As human immunodeficiency virus emerges as a key factor undermining global tuberculosis control, coinfection with M tuberculosis may increase the infectious burden, augmenting the risk of stroke fostered by tuberculosis. 8 In the future, global reductions in tuberculosis cases may be achieved by effective vaccinations and better controls of M tuberculosis through direct observation and short-course chemotherapy in tuberculosis-endemic areas. In human immunodeficiency virus patients of these areas, antiretroviral therapy and isoniazid preventive therapy may further aid in tuberculosis control. 26 Further study is required to determine the impact of human immunodeficiency virus-tuberculosis and multidrug-resistant tuberculosis, as well as the control strategies of stroke occurrence.
We also found that tuberculosis patients were more likely to have diabetes and coronary heart disease, reside in the less urbanized areas, and have lower monthly income. Diabetes may lead to renal failure, micronutrient deficiency, and pulmonary microangiopathy, and can directly impair cellmediated immunity, all of which increase the risk of active tuberculosis. 27 The association between tuberculosis and coronary heart disease may be mediated by diabetes, or it may also imply that chronic infections play a role in the pathogenesis of atherosclerosis and cardiovascular disease. 28 Tuberculosis is more prevalent in low socioeconomic classes, 29 and low socioeconomic status is also associated with increased stroke incidence, which may be a reflection of conventional risk factors associated with low socioeconomic status such as hypertension, diabetes, smoking, and obesity. 30 It has been postulated that chronic infection is a risk factor that acts in cooperation with conventional risk factors and racial or socioeconomic predispositions, and is neither necessary nor sufficient for generating stroke. 20 However, by controlling for socioeconomic status and other conventional risk factors, our study demonstrates an independent and significant impact of tuberculosis on the development of ischemic stroke.
A particular strength of this study is the use of a population-based data set, which enables us to trace all cases of tuberculosis and stroke during the study period. Moreover, the large sample size affords considerable statistical power for detecting real differences between the 2 cohorts. Nevertheless, this study suffers from a few limitations that should be addressed.
First, tuberculosis and stroke diagnoses rely on administrative claims data reported by physicians or hospitals that may be less accurate than diagnoses made according to standardized criteria. Of note is the lack of data regarding ischemic stroke subtypes. However, in Taiwan, tuberculosis is an especially significant disease and physicians should report possible cases to the public health administration based on smears for acid-fast bacilli, cultures of M tuberculosis, polymerase chain reaction, pathology, or typical pulmonary tuberculosis in the chest radiograph that conform to tuberculosis WHO case definitions. 1 According to the Communicable Disease Control Law, those who do not report possible tuberculosis cases will be penalized with a fine. Furthermore, the Bureau of NHI has implemented a "no report, no reimbursement" policy since 1997, which penalizes medical facilities by denying reimbursement for those who do not report possible tuberculosis cases. 31 In addition, virtually all hospitals in Taiwan capable of admitting stroke patients are equipped with CT or MRI scanners, which considerably increases the veracity of stroke diagnoses. There may be a surveillance bias because patients with a tuberculosis diagnosis are likely to have more frequent evaluations and thus have a stroke detected by their physician, or patients with tuberculosis may undergo image studies that exclude central nervous system involvement, more frequently detecting subclinical infarcts that are then coded as stroke. Because of a lack of clinical evidence linking stroke to tuberculosis, except tuberculous meningitis, patients with a tuberculosis diagnosis are usually followed-up by their chest or infection physician, but not by a neurologist in clinical practice. Tuberculosis patients visit a neurologist or emergency specialist only when
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demonstrating neurological symptoms and receive brain CT/ MRI studies to differentiate between tuberculous meningitis, stroke, and other pathology. In addition, a brain CT/MRI study is not allowed to exclude central nervous system involvement in tuberculosis patients without neurological symptoms because of the incentive structure, with hospitals heavily penalized by the NHI. However, the number of CT/MRI scans during the follow-up period was adjusted in the regression modeling to minimize the influences of surveillance bias. Second, individual information, such as smoking, body mass index, and atrial fibrillation, was not available via the administrative data set. Smoking has been well-documented as increasing the risk of chronic infections, including tuberculosis. 32 Kiechl et al 11 suggested that the proatherogenic effects of smoking stimulate a prominent inflammatory response to various infectious agents, and the proatherogenic effects of smoking may be mediated in part by chronic infections. Thus, the association between tuberculosis and stroke may be partially explained by the synergistic effect of tuberculosis and smoking on vessel pathology. However, to avoid confounding, we took conventional risk factors for stroke, such as hypertension, diabetes, coronary heart disease, hyperlipidemia, and malignancy, into consideration in the estimation of stroke HR.
Third, income was chosen as a socioeconomic indicator because of its availability in the NHI and common use in previous studies; 30, [33] [34] [35] however, socioeconomic status measured by income only may be insufficiently controlled, a fact that could compromise our findings. The association between socioeconomic status and stroke may be related to other conventional stroke risk factors, and the association may be diminished after controlling for them. 35 In addition, the urbanization standards of Taiwan's National Health Research Institute includes education level, and simultaneous adjustments for urbanization levels in the regression model may also minimize residual confounding effects of socioeconomic status.
Fourth, we could not rule out patients who had tuberculosis or stroke before 1996 because the data set only allowed us to trace medical utilization from 1996 to 2006. In addition, patients who had tuberculosis or stroke and did not seek medical care could not be excluded. Nevertheless, under the NHI program, out-of-pocket payments for outpatient care is very low (Ϸ$5 US) for enrollees. Therefore, it was highly unlikely for patients who had active tuberculosis to not seek medical care during this period. In addition, Giral et al 13 reported that past tuberculosis was not associated with increased carotid atherosclerosis frequency because overt inflammation was found only during active tuberculosis. Thus, the effect of a past history of tuberculosis or tuberculosis diagnosis before 1996 on stroke development in this study may be marginal. Finally, as a further potential limitation, the study population mainly consisted of Taiwanese Chinese; therefore, the results may lack generalizability to other ethnic populations.
Conclusions
We found that over a 3-year follow-up period, the risk for ischemic stroke was 1.52-times greater among tuberculosis patients compared to patients in the comparison cohort, and this association was totally independent of any initial comorbid hypertension, diabetes, coronary heart disease, hyperlipidemia, malignancy, and demographic factors. Our study is among the first to provide evidence that tuberculosis, one of the most common infectious diseases in the world, is a potential risk factor for ischemic stroke, a fact that has important public health implications for the management of tuberculosis patients. Further studies are expected to see if our findings can be replicated in tuberculosis-endemic areas and to help clarify whether the risk of stroke among tuberculosis patients could be lessened through the strategies of tuberculosis control.
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